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YDULDEOHV IRU H[DPSOH WKHGLVWULEXWLRQ RI DUDJRQLWH LVRFOLQH WKDWVRPHUHJLRQV DUHJRLQJ WR H[FHHGFULWLFDO WKUHVKROGVHDUOLHU WKDQ
ZRXOG EH H[SHFWHG IURP VLPSOHU DQDO\VHV RI WKH JOREDO VWDWH >@ 6LPLODUO\ ZH FDQ H[SHFW WKDW QDWXUDO YDULDWLRQV RQ VHDVRQDO
LQWHUDQQXDOGHFDGDODQGORQJHUWLPHVFDOHVLQRFHDQVWDWHYDULDEOHVZLOOSXVKVRPHODUJHDUHDVRIWKHRFHDQDFURVVVLPLODUWKUHVKROGV
DOEHLWIRUVKRUWSHULRGVHDUOLHUWKDQH[SHFWHGIURPJOREDODYHUDJHVDVUHSRUWHGLQWKH,3&&)RXUWK$VVHVVPHQW5HSRUW$QH[DPSOH
RI WKH LPSDFW RIGHFDGDOYDULDWLRQV LV WKHUHVSRQVHWR FOLPDWHDQGWKHQDWXUDO 3DFLILF'HFDGDO2VFLOODWLRQRQ HDVWHUQ3DFLILF LVODQG
VWDWHV
$GDSWLQJWRWKHFOLPDWHFKDQJHDWWKHUHJLRQDODQGORFDOVFDOHVIUHTXHQWO\UHTXLUHVDEHWWHUNQRZOHGJHRIZKHUHDQGZKHQUHJLRQV
DUH OLNHO\ WREHFRPHYXOQHUDEOH WR WKH FKDQJLQJ VWDWHRIRFHDQV ,W LVWKLV LQIRUPDWLRQ WKDW DOORZVSODQQLQJ IRU WKH DGDSWLQJ WR WKH
LPSDFWVRIFOLPDWHFKDQJHDQGLVWKHWDFWLFDONQRZOHGJHWKDW LVUHTXLUHGLQSODQQLQJDUHVSRQVHWRFOLPDWHFKDQJH7KHSURYLVLRQRI
WKLV LQIRUPDWLRQWR WKHZLGHUFRPPXQLW\ LQD WLPHO\ZD\LVFHQWUDO WRVXFFHVVIXODGDSWDWLRQ7KHFOLPDWHDQGRFHDQVFRPPXQLW\LV
LQFUHDVLQJO\UHFRJQL]LQJWKHLPSRUWDQFHRIFUHDWLQJFOLPDWHLQIRUPDWLRQV\VWHPVWRLQFUHDVHWKHUHOHYDQFHRIFOLPDWHFKDQJHVFLHQFH
>@
.QRZLQJZKHUHDQGZKHQWRDGDSWLQUHVSRQVHWRFOLPDWHFKDQJHZLOOEHLPSRUWDQWWRGHFLVLRQPDNHUVLQRUGHUWRKDYHDUHVSRQVH
WKDW HQDEOHV FRVWHIIHFWLYH VROXWLRQV DW WKH ULJKW WLPH DQG WKDW EDODQFHV ERWK HFRQRPLF UHVRXUFHV DQG VDIHW\ LPSHUDWLYHV 7KH
FKDOOHQJHWR WKHRFHDQRJUDSKLF FRPPXQLW\ LV WREHDEOH WRSURJUHVVLYHO\SURYLGHWKHRFHDQRJUDSKLF LQIRUPDWLRQWKDW LVUHOHYDQW WR
GHFLVLRQPDNHUVIRUDGDSWLQJ:KLOHWKHIRXU,3&&DVVHVVPHQWUHSRUWVIRUFOLPDWHFKDQJHKDYHKDGDQHQRUPRXVLPSDFWRQWKHZLGHU
SROLF\LQGXVWU\JHQHUDODQGUHVHDUFKFRPPXQLWLHVLQHVWDEOLVKLQJWKH LPSRUWDQFHRIFOLPDWHFKDQJHWKHVHUHSRUWVDSSHDUHYHU\ILYH
RU VL[ \HDUV DQGGHVFULEH DUHVWULFWHG VHW RI VFHQDULRV OLPLWLQJ WKHLU DSSOLFDELOLW\ WR VSHFLILF UHTXLUHPHQWV IRUUHJLRQDODGDSWDWLRQ
7KH\LQFOXGHHPLVVLRQVFHQDULRSURMHFWLRQVEXWQRWSUHGLFWLRQV7KHQHHGWRSURYLGHRFHDQRJUDSKLFVHUYLFHVIRUWKHZLGHUFOLPDWHDQG
SROLF\FRPPXQLW\KDVLQFUHDVLQJO\EHFRPHUHFRJQL]HGDVEHLQJFHQWUDOWRVKDSLQJWKHDGDSWDWLRQUHVSRQVHV WRWKHHYROYLQJVWDWHRI
WKHRFHDQ
7KHUHDUH VLJQLILFDQW LQWHUQDWLRQDOREVHUYDWLRQDOPRGHOOLQJDQGGDWDDVVLPLODWLRQSURMHFWV:RUOG&OLPDWH5HVHDUFK3URJUDPPH
>:&53@DQG*OREDO&OLPDWH2EVHUYLQJ6\VWHP>*&26@WKDWSURYLGHWKHIUDPHZRUNIRUEXLOGLQJWKHVHJHQHUDORFHDQVHUYLFHVWKDW
DOORZSURJUHVVLYHDVVHVVPHQWVRIWKHFXUUHQWRFHDQVWDWHDQGWKHIRUHFDVWRIWKHIXWXUHRFHDQVWDWHRQVHDVRQDO LQWHUDQQXDOGHFDGDO
DQGORQJHUWLPHVFDOHV7KHVHIUDPHZRUNVDORQJZLWKWKHXQGHUSLQQLQJREVHUYDWLRQDOSURJUDPVQHHGWREHDXJPHQWHGDQGLQWHJUDWHG
LQ WKHVDPHZD\DV WKHRSHUDWLRQDODQGUHVHDUFKDFWLYLWLHV WKDW RFFXU LQ WKHZHDWKHUIRUHFDVWLQJFRPPXQLWLHVZLWKZHOOHVWDEOLVKHG
SURGXFWVDQGVHUYLFHVWKDWFDQEHXVHGE\ HQGXVHUVLQWKHLUGHFLVLRQV\VWHPVVHH 6HFWLRQ 
7KLVSDSHUDGGUHVVHVWKHQHHGVRIWKHZLGHUFRPPXQLW\WRSURYLGHWKHRYHUDOORFHDQRJUDSKLFVHUYLFHVRIWKHFOLPDWHV\VWHPWKDW
DUH QHHGHG IRU HQGXVHUV DQG GHFLVLRQPDNHUV DQG WKH UHVHDUFK LPSURYHPHQWV DQG LQWHJUDWLRQ WKDW DUH UHTXLUHG VR WKDW WKHVH
RFHDQRJUDSKLF LQIRUPDWLRQ VHUYLFHV FDQ EH SURYLGHG 7KH HPSKDVLV RI WKLV ZKLWH SDSHU LV RQ WKH ³EOXHZDWHU´ RU ³RSHQ RFHDQ´
FDSDELOLWLHVDQGQHHGVDVGLVWLQFWIURPFRDVWDODUHDV$FRPSDQLRQSDSHUIRFXVHVRQ WKH LQIRUPDWLRQ V\VWHPVIRUFRDVWDOQHHGV >@
6HFWLRQ  FRYHUV WKH FDSDFLW\ RI FXUUHQW UHVHDUFK V\VWHPV WR GHOLYHU D V\QWKHVLV DWWULEXWLRQ DQG SUHGLFWLRQV RI WKH RFHDQ VWDWH
YDULDEOHV6HFWLRQV±FRYHUWKHQHHGVRIWKHRFHDQRJUDSKLFFRPPXQLW\WRGHOLYHUWKHVHFOLPDWHVHUYLFHVDQGWRFUHDWHDV\VWHPWKDW
HQDEOHVLQWHJUDWLRQDQGFRQVWUXFWLRQRIVHUYLFHVUHOHYDQWWRXVHUVIRUXQGHUVWDQGLQJWKHRFHDQVWDWH
 &DSDFLW\WRDVVHVVDQGPRQLWRURFHDQVWDWH
([LVWLQJREVHUYDWLRQVKDYH VKRZQWKDWFKDQJHVLQ WKHRFHDQLQ UHVSRQVHWRFKDQJHV LQ LWVVXUIDFHIRUFLQJDQGDVVHVVHGRYHU WKH
ODVW\HDUVDQGGHFDGHVDSSHDUWRFRYHUWKHHQWLUHZDWHUFROXPQ7KLVLVHVSHFLDOO\REYLRXVLQKLJKODWLWXGHVZKHUHWKHZLQGRZRIWKH
GHHS RFHDQ WR WKH DWPRVSKHUH DQG FU\RVSKHUH LV PRVW GLUHFW WKURXJK DLU±VHD LQWHUDFWLRQ RU LFH±VHD LQWHUDFWLRQV DQG UHVSHFWLYH
IRUPDWLRQRIGHQVHZDWHUWKDWVLQNVGRZQWR OHYHOVEHWZHHQDQGPGHSWKV+RZHYHUDLU±VHDLQWHUDFWLRQVDOVRDIIHFWDOO
RWKHUSDUWVRIWKHZRUOGRFHDQDQGSOD\DVLJQLILFDQWUROHLQIRUFLQJWKHDWPRVSKHUHE\WKHRFHDQHVSHFLDOO\LQORZODWLWXGHV&KDQJHV
LGHQWLILHG RYHU WKH ODVW  \HDUV DUH VXPPDUL]HG LQ )LJXUH  WKRVH FKDQJHV DUH DVVRFLDWHGZLWK FKDQJHV LQ KHDW FRQWHQW DQG LQ
IUHVKZDWHUDIIHFWLQJWKHRFHDQFLUFXODWLRQDQGFDXVLQJVHDOHYHOWRFKDQJH%XWFKDQJHVDOVRDIIHFWVHDLFHFRYHUDQGRWKHUSURFHVVHV
LPSDFWLQJGHHSZDWHUPDVVIRUPDWLRQUDWHV0RUHRYHULGHQWLILHGFKDQJHVDOVRFRUUHODWHWRJHRFKHPLFDOFKDQJHVVXFKDVFKDQJHVLQ
WKH&2FRQWHQWDQGWKXVLQWKHS+RIVHDZDWHUDVZHOODVFKDQJHVLQR[\JHQ8QGHUVWDQGLQJWKHLPSDFWRIDFKDQJLQJFOLPDWHLQWKH
RFHDQLVJHWWLQJXUJHQWHVSHFLDOO\ZLWKUHVSHFWWRJHRFKHPLVWU\DQGHFRV\VWHPV
$VVHVVLQJ DOO FKDQJHV RFFXUULQJ SUHVHQWO\ LQ WKH RFHDQ UHTXLUHV D JOREDO REVHUYLQJ V\VWHP WKDW SURYLGHV LQIRUPDWLRQ QRW RQO\
DERXW WKH SK\VLFDO DQG JHRFKHPLFDO VWDWH RI WKH RFHDQ RYHU D ORQJ WLPH DQG RYHU WKH IXOO GHSWK RI WKH RFHDQ EXW DOVR DERXW LWV
HFRV\VWHP DQG LWV KHDOWK 7KRVH REVHUYDWLRQV DUH QHHGHG WR DGGUHVV TXHVWLRQV DERXW FKDQJHV LQ WKH RFHDQV¶ KHDW DQG IUHVKZDWHU
FRQWHQW DQG DQWKURSRJHQLF FDUERQ FRQWHQW DV ZHOO DV FKDQJHV LQ S+ DQG R[\JHQ FRQFHQWUDWLRQ DQG WR XVH WKDW LQIRUPDWLRQ IRU
SURMHFWLRQVRIRQJRLQJ FKDQJHV LQWR WKHIXWXUH*LYHQ WKDW WKHRFHDQ LV DPDMRU UHVHUYRLUIRUKHDW DQG IRU DQWKURSRJHQLF FDUERQ D
FDUHIXOPRQLWRULQJRIDOOFOLPDWHUHOHYDQWYDULDEOHVPXVW WDNHSODFHDQGPXVWFRQWLQXHRYHUD ORQJWLPHWRFRPH+RZHYHUWKLVKDV
QRWEHHQWKHFDVHXQWLOUHFHQWO\DQGHYHQWRGD\WKHRFHDQREVHUYLQJVWDWHLVVWLOOHYROYLQJWRZDUGDPRUHFRPSOHWHVWDWHVXIILFLHQWWR
DQVZHUXUJHQWTXHVWLRQVWKDWZLWKSDVWPHDVXUHPHQWVFDQQRWEHDGGUHVVHG
$V DQ H[DPSOH DVVHVVLQJ VHDOHYHO FKDQJHV JOREDOO\ DQG UHJLRQDOO\ UHTXLUHV D GHWDLOHG GHVFULSWLRQ RI WKH FKDQJHV LQ KHDW DQG
IUHVKZDWHUFRQWHQWRYHU WKHHQWLUHZDWHUFROXPQDQGRYHUPDQ\GHFDGHVDVZHOODVFKDQJHV LQ WKHPDVVRI WKHRFHDQ$OO RIWKHVH
PHDVXUHPHQWVEHFDPHIHDVLEOHRQO\UHFHQWO\ VLQFHWKH DGYHQWRIDOWLPHWU\VDWHOOLWHVDQGWKURXJK$UJRSURILOLQJIORDWVDQGVDWHOOLWH
JUDYLW\PHDVXUHPHQWVVXFKDV*5$&(3ULRUWRWKHVHQHZRFHDQREVHUYDWLRQVPXFKRIWKHRFHDQZDVKDUGO\HYHUREVHUYHGDQGLQ
VRPHDUHDVKDGRQO\EHHQREVHUYHGRQFHRYHUWKHODVW\HDUV3URYLGLQJDQVZHUVWRTXHVWLRQVDERXWJOREDOVHDOHYHOFKDQJHVRYHU
WKH ODVW\HDUV LV WKHUHIRUHSUHVHQWO\QRWSRVVLEOHZLWKJUHDWFRQILGHQFHEXWZLOO UHTXLUHD FRQWLQXDWLRQRIVDWHOOLWHDOWLPHWU\ DQG
WRSWRERWWRP $UJROLNH SURILOH PHDVXUHPHQWV RI WHPSHUDWXUH DQG VDOLQLW\ ZLWK JOREDO FRYHUDJH LQFOXGLQJ UHJLRQV XQGHU VHDLFH
FRYHU ,Q DGGLWLRQ UHJLRQDO FKDQJHV LQ VHD OHYHODUHPXFK ODUJHU WKDQ JOREDO QXPEHUV LPSO\LQJ WKDW RQHQHHGV D ORFDO WLGHJDXJH
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QHWZRUNRQWRSRIJOREDOHVWLPDWHVWRDQVZHUXUJHQWTXHVWLRQVDERXWVHDOHYHOFKDQJHDQGFRDVWDOVHFXULW\)LJXUHGHPRQVWUDWHVWKDW
WR SURSHUO\ DVVHVV FKDQJHV LQ WKH RFHDQ DQG DWWULEXWH WKHP WR QDWXUDO YDULDELOLW\ RU DQWKURSRJHQLF FDXVHV ZH QHHG WR JDWKHU
LQIRUPDWLRQRQFKDQJHVRIWKHH[WHUQDOIRUFLQJE\WKHDWPRVSKHUHFU\RVSKHUHDQGRWKHUFRPSRQHQWVRIWKH(DUWKV\VWHPIRUH[DPSOH
UXQRIIDQGULYHUGLVFKDUJH$WWULEXWLRQRIWKHVHIRUFLQJV LVIXQGDPHQWDOO\DERXWWKHVFLHQFHRIFOLPDWHSUHGLFWDELOLW\LQFOXGLQJIRU
FOLPDWHYDULDELOLW\IRUH[DPSOH(O1LxR±6RXWKHUQ2VFLOODWLRQ>(162@VHDVRQDOYDULDELOLW\DQGRWKHUIDFWRUVDVZHOODVORQJWHUP
FOLPDWHFKDQJH,QGHHGXQGHUVWDQGLQJDQGDWWULEXWLQJZKDWKDVMXVWKDSSHQHGLVDSUHUHTXLVLWHWRPDNLQJWKHQH[WFOLPDWHSUHGLFWLRQ
)LJXUH6XPPDU\RIWKHDVVHVVHGFKDQJHVLQWKHRFHDQVWDWHIURPWKHV±VWRWKHV±VLQWKHJOREDORFHDQVEDVHG
RQREVHUYDWLRQVRIWKHRFHDQVWDWHIURPUHVHDUFKDQGRSHUDWLRQDOREVHUYLQJV\VWHPV 6RXUFH,3&&>@)LJXUH
1RWHWKHVWHULFFKDQJHVDUHVSDWLDOO\QRQXQLIRUPZKLOHWKHRFHDQPDVVFKDQJHVDUHXQLIRUPO\GLVWULEXWHG
3UHVHQWO\ VXFK RFHDQ LQIRUPDWLRQ LV XVHG WR FRPSXWH LPSRUWDQW FOLPDWH LQGLFHV VXFK DV KHDW FRQWHQW RI WKHRFHDQ DQG WR VWDUW
DWWULEXWLQJFKDQJHVWRYDULRXVVRXUFHV$QH[DPSOHRIDUHFHQWHVWLPDWHRIWKHFKDQJHLQ WKHRFHDQVKHDWFRQWHQWLVVKRZQLQWKHOHIW
SDQHORI)LJXUHDVLWIROORZVIURPRFHDQLQIRUPDWLRQDORQH7KHILJXUHUHYHDOVWKDWWKHRFHDQV¶KHDWFRQWHQWLVYDU\LQJVXEVWDQWLDOO\
RQLQWHUDQQXDO WRPXOWLGHFDGDOWLPHVFDOHV7KH LPSDFWRI DQ LQVXIILFLHQW REVHUYLQJ V\VWHP LQ WKHSDVW LVUHIOHFWHGE\ VXEVWDQWLDOO\
HQKDQFHG HUURUEDUVGXULQJWKHVDQGVDQGLW LVREYLRXVWKDWHYHQXQGHUSUHVHQWFRQGLWLRQVXQFHUWDLQWLHVVWLOO ORRPODUJH
7KH ILJXUHDOVRLQGLFDWHVWKHHIIHFWVRQDWPRVSKHULF DHURVROVRIYROFDQLF HUXSWLRQVRQWKHRFHDQV¶KHDWFRQWHQW DVRQVHD OHYHODQG
VXUIDFH WHPSHUDWXUH UHQGHULQJ SUHGLFWLRQ RI WKRVH TXDQWLWLHV LQ JUHDW GHWDLO RYHU VHYHUDO GHFDGHV WR FHQWXULHV GLIILFXOW GXH WR WKH
XQSUHGLFWDEOHQDWXUHRIYROFDQLFHUXSWLRQV
)LJXUH +HDWFRQWHQWFKDQJHVOHIWHVWLPDWHVRIKHDWFRQWHQWFKDQJHVIURPRFHDQV\QWKHVHVULJKW6RXUFHV 'RPLQJXHVHWDO>@
6WDPPHUHWDO >@
*LYHQWKHGHILFLWVRIWKHREVHUYLQJV\VWHPRYHUWKHODVWGHFDGHVLQSURYLGLQJLQIRUPDWLRQDERXWEDVLQVFDOHRUJOREDOFKDQJHVZH
KDYHWREULQJDOORFHDQLQIRUPDWLRQWRJHWKHULQDZD\PXFKPRUHHIILFLHQWO\WKDQFDQEHGRQHE\LQGLYLGXDODQDO\VHVE\DOVRWDNLQJ
LQWR DFFRXQWRXUNQRZOHGJHRIRFHDQG\QDPLFVDV LVEHLQJGRQH LQRFHDQ V\QWKHVHV6HYHUDORFHDQV\QWKHVHVKDYHEHHQSURGXFHG
DQGFRPSDUHG$ZLGHVSUHDGRIUHVXOWVLVREYLRXV)LJXUHULJKWSDQHODQGWKHQHHGIRUVSHFLI\LQJSURSHUXQFHUWDLQWLHVIRUPRGHO
DQG GDWD HUURUV DQG IRU HVWLPDWLRQ UHVXOWV LQ WKH RFHDQ DQG DWPRVSKHUH LV FULWLFDO $ VLJQLILFDQW HIIRUW LV UHTXLUHG WR XQGHUVWDQG
XQFHUWDLQWLHV LQ HVWLPDWHV RI FOLPDWH LQGLFHV DQG KRZ WKH\ GHSHQG RQ WKH XQGHUO\LQJ PHWKRG $Q XOWLPDWH DSSOLFDWLRQ RI RFHDQ
V\QWKHVHV LV WR XVH LQIRUPDWLRQ WR LQLWLDOL]H WKH RFHDQ LQ FRXSOHGFOLPDWH IRUHFDVWPRGHOV7KLV LV GRQH IRU VHDVRQDOWRLQWHUDQQXDO
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IRUHFDVWV EXW ZH DUH QRZ DW WKH IRUHIURQW WR H[SDQG WKH SUHGLFWLRQ ZLQGRZ WR FRYHU GHFDGDO DQG ORQJHU WLPHVFDOHV :KLOH YHU\
HQFRXUDJLQJUHVXOWVDUHDYDLODEOHIURPDWPRVSKHUH DQGRFHDQUHDQDO\VHVZKLFKDOUHDG\VHUYHPDQ\SXUSRVHVFOLPDWHLVDFRXSOHG
SUREOHPDQGXOWLPDWHO\ZHQHHGWRDGGUHVVDFRXSOHGV\QWKHVLVHPEUDFLQJQRWMXVWDWPRVSKHUHDQGRFHDQEXWDOVRODQGDQGVHDLFH$
FHQWUDO JRDO RIRFHDQ DQG DWPRVSKHULF UHDQDO\VHV LV WRGRFXPHQW DQG XQGHUVWDQGREVHUYHG FOLPDWHYDULDELOLW\ DQG FKDQJH DQG WKH
FDXVHVLQFOXGLQJWKHXQFHUWDLQWLHVDQGWREHDEOHWRDGHWHUPLQHZKDWSDUWVRIWKHREVHUYHGFKDQJHLVVKRUWWHUPRFHDQYDULDELOLW\
YHUVXV ORQJHUWHUPFKDQJH E XVH WKLV XQGHUVWDQGLQJ WR LPSURYHPRGHO UHDOLVPDQG IRUHFDVWVNLOO F SURYLGH FOLPDWH DQGRFHDQ
SUHGLFWLRQVDQGGFRPPXQLFDWHWKLVNQRZOHGJHDQGXQGHUVWDQGLQJWRXVHUVDQGWKHSXEOLFLQJHQHUDO
'HDOLQJZLWKWKHFRXSOHGV\VWHPGRHVDOORZXVWRXQGHUVWDQGZKHUHWKHPRVWSURPLQHQWLPSDFWVRIFOLPDWHFKDQJHRFFXU)LJXUH
VKRZV VXFKDQ DVVHVVPHQW LQ WHUPVRI KHDW FRQWHQW LQ WKH FOLPDWH V\VWHPDQG UHYHDOV WKDW LW LVHVSHFLDOO\ WKHRFHDQ WKDW WDNHV XS
DOPRVW DOO RI WKH LQFUHDVHG KHDW FRQWHQW LQ WKH FOLPDWH V\VWHP:LWKRXW WKH RFHDQ FKDQJHV RYHU ODQGZRXOG EH HQRUPRXV LI QRW
FDWDVWURSKLF+RZHYHUWKHILJXUHDOVRVXJJHVWVWKDWLIRQHZLVKHGWRGHWHFWFKDQJHV LQ WKHFOLPDWHVWDWHRQHVKRXOGEHREVHUYLQJWKH
RFHDQDJDLQXQGHUO\LQJWKHLPSRUWDQFHRIDFRPSOHWHFOLPDWHREVHUYLQJV\VWHPLQWKHRFHDQ7KHILJXUHFOHDUO\GHPRQVWUDWHVWKDW LW
LV WKHRFHDQ WKDW KDV WKH ODUJHVW UHVHUYRLU RIKHDW DQG WKDW WKHUHIRUH QHHGV WREHPRQLWRUHG LQJUHDWGHWDLO WRXQGHUVWDQG LWVUROH LQ
FOLPDWHFKDQJH KRZ LW LV EHLQJ DIIHFWHGE\ FKDQJHV LQ WKH DWPRVSKHUH EXW DOVRKRZERWK WRJHWKHU DIIHFW TXDQWLWLHV OLNH VHD OHYHO
JOREDOUDLQIDOOSDWWHUQVDQGZLQGILHOGVRQUHJLRQDODQGJOREDOVFDOHV
)LJXUH  7KH DVVHVVHG WUHQGV LQ HQHUJ\ FRQWHQW FKDQJH RI WKH (DUWK 6\VWHP&RPSRQHQWV ± EOXH EDUV DQG ±
EXUJXQG\ EDUV6RXUFH,3&&>@)LJXUH
3URMHFWLQJ WKH RFHDQ VWDWH RYHU WKH QH[W GHFDGH RU HYHQ FHQWXULHV UHTXLUHV UXQQLQJ D FRXSOHG FOLPDWH IRUHFDVW V\VWHP DQG
LQIRUPDWLRQDERXWWKHLQLWLDOSUHVHQWFOLPDWHVWDWHDVZHOODVERXQGDU\FRQGLWLRQVIRUWKHRFHDQWKDWLVIRUFLQJILHOGVUHSUHVHQWLQJWKH
IHHGEDFN EHWZHHQ WKH RFHDQ DQG RWKHU FRPSRQHQWV RI WKH FOLPDWH V\VWHP ,QGHHG RQH RI WKH JRDOV IRU DQ RFHDQ REVHUYLQJ DQG
V\QWKHVLVV\VWHPLVWRSURYLGHSURSHULQLWLDOFRQGLWLRQVIRURFHDQDQGFOLPDWHIRUHFDVWVRQVHDVRQDOWRGHFDGDOWLPHVFDOHVEH\RQGWKH
W\SLFDO ,3&& DVVHVVPHQW HIIRUWV 7KH UHODWHG DFWLYLWLHV DUH WR LPSURYH DQG LQLWLDOL]H FOLPDWHPRGHOV DQGPDNH VHDPOHVV HQVHPEOH
FOLPDWH SUHGLFWLRQV IRU WKH RFHDQV IRU WKH WLPH KRUL]RQV RI XS WR DW OHDVW  \HDUV 6XFK FOLPDWH SUHGLFWLRQV DUH HVVHQWLDO WR
XQGHUVWDQGLQJ WKH FRQVHTXHQFHV RI FOLPDWH FKDQJH RQ WKH RFHDQV DQG LQ WKH IXWXUH ZH VKRXOG DVSLUH IRU VXFK SUHGLFWLRQV WR
VHDPOHVVO\ H[SDQG IURP GD\V DQGZHHNVRIZHDWKHUFDVWLQJ WR VHDVRQDO DQG LQWHUDQQXDO SUHGLFWLRQV LQFOXGLQJ (162 WR GHFDGDO
SUHGLFWLRQV
&OLPDWHSUHGLFWLRQVDUHDWSUHVHQWLQWKHLULQIDQF\2XUNQRZOHGJHRIWKHSUHGLFWDEOHHOHPHQWVRIWKHRFHDQVWDWHIRUH[DPSOHVHD
OHYHODQGRFHDQKHDWFRQWHQWLVVWLOOLPPDWXUH6RPHLQGLFDWLRQVH[LVWWKDWDWOHDVWVRPHHOHPHQWVVXFKDVWKHPHULGLRQDORYHUWXUQLQJ
FLUFXODWLRQRI WKHRFHDQVWDWHDUHSUHGLFWDEOHIRUDIHZGHFDGHV>@+RZHYHUPXFKKDV WREH OHDUQHGDERXWSUHGLFWDEOHHOHPHQWV
DQGDOVRDERXWRXUDSSURDFKWRSUHGLFWLQJWKHP$VLQVHDVRQDOIRUHFDVWVWKHTXDOLW\RIWKHFRXSOHGPRGHOVXVHGIRUWKHSUHGLFWLRQV
KDYH D VXEVWDQWLDO LPSDFW RQ WKH TXDOLW\ RI WKH SUHGLFWLRQV /LNHZLVH WKH DSSURDFK WR LQLWLDOL]H LPSHUIHFW FRXSOHG PRGHOV ZLWK
LQFRPSOHWH DQG LPSHUIHFW REVHUYDWLRQV GRHV KDYH D VXEVWDQWLDO LPSDFW RQ WKH UHVXOWV %RWK RI WKH SUREOHPV RI LQLWLDOL]DWLRQ DQG
SUHGLFWLRQFDOOIRUWKHGHYHORSPHQWRIFRXSOHGDVVLPLODWLRQDQGIRUHFDVWV\VWHPVWKDWPDNHIXOOXVHRIRFHDQGDWDWRGHWHUPLQHLQLWLDO
FRQGLWLRQVDQGDWWKHVDPHWLPHPDNHXVHRIWKHRIREVHUYDWLRQVRYHUODQGDQGWKHFU\RVSKHUH,QIRUPDWLRQLVDOVRUHTXLUHGDERXWWKH
DFFXPXODWHG LPSDFWV WR GDWH RI DQWKURSRJHQLF UDGLDWLYH IRUFLQJ 'HPDQGV ZLOO WKHUHIRUH EH PDGH RQ REVHUYDWLRQV QRW RQO\ WR
GHVFULEHWKHVWDWHRIWKHV\VWHPEXWDOVRWRSURYLGHWKHRSWLPDOREVHUYDWLRQVIRUFOLPDWHSUHGLFWLRQV
 &DSDFLW\WRSURYLGHUHOHYDQWWHPSRUDODQGVSDWLDOVFDOHVIRUGHFLVLRQPDNLQJ
7KHUH LVJUHDW GHVLUHIRUUHJLRQDO LQIRUPDWLRQDERXW WKHH[SHFWHGPDJQLWXGHDQG LPSDFWRIFOLPDWHYDULDELOLW\ DQGFKDQJHRQ DOO
WLPHVFDOHV IRUGHFLVLRQPDNLQJ +RZHYHU LQIRUPDWLRQ IRUGHFLVLRQPDNLQJ HQFRPSDVVHV DKXJHUDQJHRI VSDFHDQG WLPHVFDOHV$
IHZ H[DPSOHV WR LOOXVWUDWH WKLV UDQJH IURP D DFFXUDWH SUHGLFWLRQVRI WURSLFDO DQG H[WUDWURSLFDO VWRUP VL]H LQWHQVLW\ UDLQIDOO DQG
WUDFNEDFFXUDWHSUHGLFWLRQVRIKHDWLQJRUFRROLQJGHJUHHGD\VRUH[WHQWRIGURXJKW LQWKHFRPLQJVHDVRQRUWZRFFKDQJHVLQ
WKHSUREDELOLW\RIVWRUPVOLNHO\WREULQJWKUHVKROGOHYHOVRIGDPDJHLQFOXGLQJIORRGLQJWRSDUWLFXODUDUHDVLQSDUWLFXODUVHDVRQVG
WKHUDWHRIVHDOHYHOULVHRURIHFRV\VWHPKHDOWKHYHQWVLQORFDOO\LPSRUWDQWFRDVWDOUHJLRQVWRHWKHOLNHOLKRRGRIVLJQLILFDQWFKDQJHV
LQFRPPHUFLDOO\LPSRUWDQWPDULQHELRPDVVLQFRPLQJGHFDGHV
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,QIRUPDWLRQIURPWKHRFHDQERWKVXUIDFHDQGRFHDQLQWHULRULV LPSRUWDQWIRUDOORIWKHVHSUREOHPVHYHQZKHQQRWREYLRXV7KLV
LV EHFDXVHRIWKHIXQGDPHQWDOO\FRXSOHGQDWXUHRIWKHHDUWK±DWPRVSKHUH±RFHDQ V\VWHP([DPSOHVH[LVWRIREVHUYHGRFHDQLFHIIHFWV
IRUHDFKRIWKHDERYHH[DPSOHVRI VRFLHWDOO\ LPSRUWDQW LQIRUPDWLRQ+RZHYHUUHVHDUFKLVQHHGHGWRHVWLPDWHVSHFLILFREVHUYDWLRQDO
QHHGVIURPWKHRFHDQLFREVHUYLQJV\VWHPIRUHDFKLPSDFWRIFRQFHUQDQGWRKDUQHVVWKLVUHVHDUFKDVGLVFXVVHGLQ6HFWLRQ 
7KHJOREDORFHDQLFREVHUYLQJV\VWHPKDVEHHQSURJUHVVHGWRVHUYHQHHGVRIDOOQDWLRQVIRUODUJHVFDOHFOLPDWHLQIRUPDWLRQWKURXJK
FRXSOHGPRGHOIRUHFDVWVDQGSURMHFWLRQV ,QDGGLWLRQWRWKHJHQHUDO FOLPDWHYDULDELOLW\DQGFKDQJHLQIRUPDWLRQQHHGVRIDOOQDWLRQV
WKHUHDUHQDWLRQVSHFLILFQHHGVIRUFRDVWDORFHDQREVHUYDWLRQVDQGFRDVWDORFHDQLQIRUPDWLRQIRUGHFLVLRQPDNLQJ,WLVYHU\LPSRUWDQW
WKDW HDFKQDWLRQLGHQWLI\ LWVSULRULW\FRDVWDORFHDQLQIRUPDWLRQQHHGVVR WKDW WKHVH FDQEHDJJUHJDWHGLQWHUQDWLRQDOO\DQGHIIRUWVWR
DGGUHVVWKHVHQHHGVFDQEHDGGUHVVHGDQGFRRUGLQDWHG
7KH H[WHQW WRZKLFKQHHGV IRU FRDVWDO RFHDQ LQIRUPDWLRQ FDQ EH DGGUHVVHGZLWK H[LVWLQJRFHDQREVHUYLQJ RFHDQ V\QWKHVLV DQG
IRUHFDVWLQJ V\VWHPV QHHGV DGGLWLRQDO DWWHQWLRQ 6HH0DORQH HW DO >@ ,Q JHQHUDO LW DSSHDUV WKDW HQKDQFHG FRDVWDO REVHUYLQJ DQG
IRUHFDVWLQJHIIRUWVDUHQHHGHGDQGVXSSRUWHGWKURXJKLQWHUQDWLRQDOSURJUDPVDQGQDWLRQDOHIIRUWV8VHIXOFRDVWDOIRUHFDVWLQJGHSHQGV
XSRQDFFXUDWHORFDOFRDVWDODQGERWWRPWRSRJUDSKLFLQIRUPDWLRQDQGDFFXUDWHKLJKVSDWLDOUHVROXWLRQZLQGDQGUDLQIDOOIRUHFDVWV
 $QRFHDQREVHUYLQJV\VWHPIRUFOLPDWHFKDQJHDVVHVVPHQW
6\VWHPDWLF ORQJWHUPDQGKLJKTXDOLW\REVHUYDWLRQVRIWKHJOREDORFHDQDUHQHFHVVDU\WRPRQLWRU WKH WKUHHGLPHQVLRQDOFOLPDWLF
ODUJHVFDOHRFHDQYDULDELOLW\SDWWHUQV DQG WKHLU FRXSOLQJZLWKWKHDWPRVSKHUH6XFKDJOREDORFHDQREVHUYLQJV\VWHPLVDQHVVHQWLDO
SUHUHTXLVLWHWRDEHWWHUXQGHUVWDQGLQJRIWKHIXQGDPHQWDOUROHRIWKHRFHDQRQWKHHDUWKFOLPDWHDQGWRWKHGHYHORSPHQWRIGHFDGDOWR
ORQJWHUPIRUHFDVWVRIWKHHDUWKFOLPDWH
$QLQLWLDOGHVLJQRIDSHUPDQHQWJOREDODQGUHDOWLPHREVHUYLQJV\VWHPFRPSULVLQJERWKLQVLWXDQGUHPRWHVHQVLQJFRPSRQHQWV
ZDVSURSRVHGLQWKH2FHDQ2EV6W5DSKDHOFRQIHUHQFHDQGHQGRUVHGE\WKH*OREDO2FHDQ2EVHUYLQJ6\VWHP*226*&26
DQG WKH -RLQW :RUOG 0HWHRURORJLFDO 2UJDQL]DWLRQ,QWHUJRYHUQPHQWDO 2FHDQRJUDSKLF &RPPLVVLRQ 7HFKQLFDO &RPPLVVLRQ IRU
2FHDQRJUDSK\DQG0DULQH0HWHRURORJ\-&200 >@>@ 6DWHOOLWH GDWD LQFOXGH DOWLPHWHU VHD OHYHO DQG VXUIDFH FXUUHQWV VHD
VXUIDFH WHPSHUDWXUH RFHDQ FRORXU VHD LFH DQG VFDWWHURPHWHU ZLQG GDWD 7KH PDLQ LQ VLWX GDWD LQFOXGH $UJR PXOWLGLVFLSOLQDU\
PRRULQJVGDWDIURPUHVHDUFKYHVVHOVDQGVKLSVRIRSSRUWXQLW\VXUIDFHGULIWHUVDQGWLGHJDXJHV
7KH PDLQ REMHFWLYHV RI WKH JOREDO RFHDQ FOLPDWH REVHUYLQJ V\VWHP DUH WR GHWHFW FOLPDWH YDULDELOLW\ RQ VHDVRQDO WR GHFDGDO
WLPHVFDOHV DQG WRSURYLGHGDWD WKDW DUHQHFHVVDU\WR LQLWLDOL]H DQG FRQVWUDLQ FOLPDWHPRGHOV WKURXJKGDWD DVVLPLODWLRQ DQG WKHUHE\
DOORZWKHDWWULEXWLRQRIWKHREVHUYHGFKDQJHVWRWKHXQGHUO\LQJFKDQJHDQGYDULDWLRQVLQWKHFOLPDWHV\VWHP>@7KHREMHFWLYHVDUHWR
PHDVXUHDQGPRQLWRU
D 2FHDQKHDWDQGIUHVKZDWHUFRQWHQWDQGWUDQVSRUWV
E 6HDOHYHOYDULDWLRQV
F 2FHDQFDUERQFRQWHQW
G 6HDVXUIDFHWHPSHUDWXUHDQGVXUIDFHFXUUHQWV
H $LU±VHDH[FKDQJHVRIKHDWPRPHQWXPDQGIUHVKZDWHU
I 6HDLFHH[WHQWFRQFHQWUDWLRQVDQGWKLFNQHVV
$QRYHUYLHZRI WKHJOREDORFHDQREVHUYLQJ V\VWHP LVJLYHQEHORZ0RUHGHWDLOVFDQEHIRXQGLQ&ODUNHW DO>@7KHJOREDO LQ
VLWXREVHUYLQJV\VWHPLQFOXGHV
$UJRSURILOLQJIORDWV7KLVDUUD\ZDVGHYHORSHGDVD*OREDO2FHDQ'DWD$VVLPLODWLRQ([SHULPHQW *2'$(DQG&OLPDWH
9DULDELOLW\DQG3UHGLFWDELOLW\ &/,9$5REVHUYLQJV\VWHPLQLWLDWLYH WRXQGHUVWDQGXSSHU±PRFHDQWHPSHUDWXUH
DQG VDOLQLW\ YDULDELOLW\ $UJR DFKLHYHG LWV LQLWLDO LPSOHPHQWDWLRQ JRDO RI   RSHUDWLQJ IORDWV LQ 1RYHPEHU 
$OWKRXJKLWKDVQRW\HWUHDFKHGLWVGHVLUHGJHRJUDSKLFDOFRYHUDJHRIDIORDWSHU[UHJLRQWKHDUUD\LVSURYLGLQJIRUWKH
ILUVWWLPHDQHDUO\JOREDOSLFWXUHRIWKHZRUOG¶VRFHDQVHYHU\WHQGD\V6HH)UHHODQGHWDO >@
*OREDO 7URSLFDO 0RRUHG $UUD\ ,Q WKH WURSLFDO 3DFLILF WKH 7URSLFDO $WPRVSKHUH 2FHDQ 7ULDQJOH 7UDQV2FHDQ %XR\
1HWZRUN 7$275,721DUUD\ZDV IXOO\GHSOR\HG E\ ZKLOH LQ WKH$WODQWLF WKH3UHGLFWLRQ DQG5HVHDUFK0RRUHG
$UUD\LQWKH7URSLFDO$WODQWLF3,5$7$KDVH[SDQGHGWRQHDUO\GRXEOHLQVL]HIURPPRRULQJVLQWRWKHFXUUHQW
7KH ,QGLDQ 2FHDQ 5HVHDUFK0RRUHG $UUD\ IRU $IULFDQ$VLDQ$XVWUDOLDQ 0RQVRRQ $QDO\VLV DQG 3UHGLFWLRQ 5$0$
VWDUWHGPRUHUHFHQWO\LVDERXW SHUFHQWFRPSOHWH
2FHDQ6,7(6$JOREDOQHWZRUNRIRFHDQUHIHUHQFHVWDWLRQPRRUHGEXR\VLVEHLQJLPSOHPHQWHGWRSURYLGHWKHPRVWDFFXUDWH
ORQJWHUPFOLPDWHGDWDUHFRUGVRIRFHDQLFDQGQHDUVXUIDFHDWPRVSKHULFYDULDEOHV LQNH\RFHDQUHJLPHV2FHDQ6,7(6KDV
SODQVWRGHSOR\DQGPDLQWDLQRFHDQUHIHUHQFHVWDWLRQV7KHUHDUHFXUUHQWO\UHIHUHQFHVWDWLRQV
*OREDO VHD OHYHO REVHUYLQJ V\VWHP 7LGH JDXJHV DUH QHFHVVDU\ IRU DFFXUDWHO\ PHDVXULQJ ORQJWHUP WUHQGV LQ VHDOHYHO
FKDQJHDQGIRUFDOLEUDWLRQDQGYDOLGDWLRQRIWKHPHDVXUHPHQWVIURPVDWHOOLWHDOWLPHWHUV
5HSHDW K\GURJUDSKLF VXUYH\V 7KH JOREDO UHSHDW K\GURJUDSKLF VXUYH\ LV DQ HVVHQWLDO REVHUYLQJ V\VWHP HOHPHQW IRU
XQGHUVWDQGLQJ WKH FRQWUROV DQG GLVWULEXWLRQ RI QDWXUDO DQG DQWKURSRJHQLF FDUERQ FLUFXODWLRQ WUDFHUV DQG D ODUJH VXLWH RI
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ELRJHRFKHPLFDOPHDVXUHPHQWV LQ WKHRFHDQLQWHULRU LQFOXGLQJQXWULHQWVDQGR[\JHQ7KHVXUYH\VDOVRUHPDLQFULWLFDO IRU
GRFXPHQWLQJRFHDQFKDQJHVEHORZ P
6XUIDFHGULIWLQJEXR\V7KLVDUUD\SURYLGHVDFFXUDWHEXONVHDVXUIDFHWHPSHUDWXUH667REVHUYDWLRQVDQGVXUIDFHFXUUHQW
DQGVXUIDFHSUHVVXUHREVHUYDWLRQV ,WUHDFKHGLWVLQLWLDO QXPEHUJRDORI GULIWHUVLQEXWKDVQRW\HWDFKLHYHGWKH
GHVLUHGJHRJUDSKLFDOFRYHUDJHRIDGULIWHUSHU[  DUHDRIWKHLFHIUHHRFHDQ
,QWHUQDWLRQDO $UFWLF EXR\V 7KLV QHWZRUN LV XVHG WR PRQLWRU V\QRSWLFVFDOH ILHOGV RI VHDOHYHO SUHVVXUH VXUIDFH DLU
WHPSHUDWXUHDQGLFHPRWLRQWKURXJKRXW WKH$UFWLF2FHDQ7KH$UFWLFRFHDQREVHUYLQJEXR\VKDYHPRUHWKDQGRXEOHGRYHU
WKHSDVW\HDUV LQDQGLQ
6KLSVRI2SSRUWXQLW\7KHSULPDU\VHQVRUVHPSOR\HGE\6KLSVRI2SSRUWXQLW\DUHH[SHQGDEOHEDWK\WKHUPRJUDSKV;%7
7KHUPR6DOLQR*UDSKV76*DQGVHQVRUVHTXLSSHGWRPHDVXUHWKHSDUWLDOSUHVVXUHRI FDUERQGLR[LGHS&2
7KDQNVWRPDMRUDGYDQFHVDFKLHYHGLQWKHSDVWWZRGHFDGHVVDWHOOLWHVQRZKDYHDGHPRQVWUDWHGFDSDELOLW\WRPHDVXUHDVHULHVRI
HVVHQWLDOFOLPDWHYDULDEOHVIRUWKHRFHDQ0DLQVDWHOOLWHRFHDQRJUDSK\PLVVLRQVLQFOXGH
2FHDQ VXUIDFH WRSRJUDSK\ 3UHFLVLRQ DOWLPHWU\ ZDV LQLWLDWHG E\ WKH 8QLWHG 6WDWHV 1DWLRQDO $HURQDXWLFV DQG 6SDFH
$GPLQLVWUDWLRQ1$6$ DQG)UDQFH¶V 1DWLRQDO&HQWUHIRU6SDFH6WXGLHV&1(6 ZLWKWKHODXQFKRIWKHLU723(;3RVHLGRQ
LQ  LW LV EHLQJ FRQWLQXHG E\ -DVRQ DQG -DVRQ ODXQFKHG LQ  7KH 1DWLRQDO 2FHDQLF DQG $WPRVSKHULF
$GPLQLVWUDWLRQ12$$DQG WKH(XURSHDQ2UJDQL]DWLRQ IRU WKH([SORLWDWLRQRI0HWHRURORJLFDO 6DWHOOLWHV(80(76$7
DUHQRZSURSRVLQJD-DVRQIRUODXQFKLQ*UDYLPHWU\*5$&(DQG*UDYLW\ILHOGDQGVWHDG\VWDWH2FHDQ&LUFXODWLRQ
([SORUH>*2&(@VDWHOOLWHV DUH QHHGHG WRJHWDEVROXWH WRSRJUDSK\DQG VXUIDFH FXUUHQWV DQG WRPRQLWRU ODUJHVFDOH RFHDQ
PDVVYDULDWLRQV
6HDVXUIDFHWHPSHUDWXUH)RUDFRXSOHRIGHFDGHVFRQWLQXLQJREVHUYDWLRQVRIVHDVXUIDFHWHPSHUDWXUHWRYDU\LQJGHJUHHV
RIDFFXUDF\KDYHEHHQSURYLGHGE\LQIUDUHGUDGLRPHWU\,50LFURZDYHUDGLRPHWU\05QRZRIIHUVDQDOOZHDWKHUEXW
UHODWLYHO\FRDUVHUHVROXWLRQ'RQORQ HWDO>@SURYLGHDGHWDLOHGRYHUYLHZRQKRZWKH*OREDO+LJK5HVROXWLRQ6673URMHFW
FRPELQHVWKHEHVWDWWULEXWHVRI,5DQG05WRGHYHORSLPSURYHG667SURGXFWV
2FHDQ VXUIDFH YHFWRUZLQGV )RUPRUHWKDQ DGHFDGH DQG DKDOIVDWHOOLWH VFDWWHURPHWU\ KDVSURYLGHGREVHUYDWLRQVRI WKH
VXUIDFH YHFWRU ZLQG ILHOG RYHU WKH RFHDQV 7KH ORQJHVWUXQQLQJ ZLWK WKH EURDGHVW FRYHUDJH 1$6$¶V 4XLN6&$7 ZDV
ODXQFKHGLQDQGLVVWLOORSHUDWLQJWRGD\WKHILUVWIXOO\RSHUDWLRQDOVFDWWHURPHWHU$GYDQFHG6&$7WHURPHWHU$6&$7
RQ(80(76$7¶V0HW2S$ZDVODXQFKHGLQZLWKXQLWVRQ0HW2S%DQG&WRIROORZ
6HDLFHFRYHUDQGLFHGULIW3DVVLYHPLFURZDYHGDWDLVVWLOO WKHEDFNERQHRIVHD LFHREVHUYDWLRQV ,PSURYHGUHVROXWLRQDQG
PRUHGHWDLOHGLFHHGJHHVWLPDWHVDUHREWDLQHGE\XVHRIVFDWWHURPHWHUGDWD,FHGULIWLQIRUPDWLRQLVGHULYHGIURPVXFFHVVLYH
VDWHOOLWH SDVVDJHV IURP WKHVH LQVWUXPHQWV ,FH WKLFNQHVVPHDVXUHPHQWV VKRXOG EH SURYLGHG E\ WKH DGYDQFHG DOWLPHWHU RQ
&U\R6DW,,
2FHDQFRORXU2YHUWKHODVWGHFDGHVDWHOOLWHGHULYHGRFHDQFRORXUGDWDKDYHSURYLGHGLQYDOXDEOHREVHUYDWLRQVRIWKHODUJH
VFDOHYDULDWLRQVRIFKORURSK\OOD7KLVLVDXQLTXHPHDQVWRDVVHVVWKHFRXSOLQJEHWZHHQELRORJ\DQGFOLPDWHFKDQJH
6HDVXUIDFH VDOLQLW\0LFURZDYH UDGLRPHWU\ZLOO EH XVHG WR GHPRQVWUDWH WKH IHDVLELOLW\ RI REVHUYLQJ VHD VXUIDFH VDOLQLW\
IURPVSDFHIURPWKHHQGRI6RLO0RLVWXUHDQG2FHDQ6DOLQLW\>6026@$TXDULXV
7KHLQVLWXDQGUHPRWHVHQVLQJFRPSRQHQWVKDYHEHHQMRLQWO\GHYHORSHGDQGDUHVWURQJO\FRPSOHPHQWDU\ ,QVLWXGDWDDUHQHHGHG
WRFDOLEUDWHRUYDOLGDWHWKHVDWHOOLWHREVHUYDWLRQVDQGSURYLGHREVHUYDWLRQVRIWKHRFHDQLQWHULRU7KHUHDUHVWURQJV\QHUJLHVEHWZHHQ
WKHWZRFRPSRQHQWV$UJR-DVRQDOWLPHWHUGDWDVHWVDQG*5$&(JUDYLPHWU\REVHUYDWLRQVQHHGIRUH[DPSOHWREHDQDO\VHGWRJHWKHU
WRXQGHUVWDQG WKHJOREDOPHDQVHDOHYHOYDULDWLRQVDQGWKHFRQWULEXWLRQVRIRFHDQZDUPLQJYROXPHYDULDWLRQVDQGFRQWLQHQWDO LFH
PHOWLQJPDVVYDULDWLRQV
7KHUHKDVEHHQPDMRUSURJUHVVRYHUWKHSDVW\HDUVLQ LPSOHPHQWLQJWKHLQLWLDOV\VWHP6HH)LJXUH7KHPDLQFKDOOHQJHWRGD\
LV WR FRPSOHWH WKH LQLWLDO GHVLJQ DQG WR HQVXUH LWV ORQJWHUP VXVWDLQDELOLW\ 7KLV LV FULWLFDO IRU FOLPDWH FKDQJH DVVHVVPHQW ZKLFK
UHTXLUHV ORQJ WLPH VHULHV VHYHUDO GHFDGHV RI REVHUYDWLRQV $QDGHTXDWH GDWD SURFHVVLQJ DQG UHSURFHVVLQJ LQIUDVWUXFWXUH LV DOVR
UHTXLUHGWRPDNH VXUHWKDWORQJWLPHVHULHVRILQWHUFDOLEUDWHGYDOLGDWHGDQGKLJKTXDOLW\GDWDVHWVDUHGHOLYHUHG
)XUWKHU GHYHORSPHQWV DUHDOVRQHHGHG7KH2FHDQ2EV¶FRQIHUHQFH LQ9HQLFH 6HSWHPEHUKDVGHYHORSHG DSURFHVVIRU
EXLOGLQJFRQVHQVXVIRUVXVWDLQLQJDQGHYROYLQJV\VWHPDWLFDQGJOREDORFHDQREVHUYDWLRQVRYHUWKHQH[W\HDUVLQVXSSRUWRIVRFLHWDO
EHQHILWV 7KH RFHDQ REVHUYDWLRQV KDYH DOVR EHHQ DXJPHQWHG ZLWK QHZ WHFKQRORJLHV VXFK DV DXWRQRPRXV JOLGHUV >@ DQG ZLWK
HQKDQFHPHQWVRIFXUUHQWWHFKQRORJLHV)RUH[DPSOHVHYHUDOLPSURYHPHQWVDQGSRVVLEOHIXWXUHH[SDQVLRQRIWKH$UJRDUUD\)UHHODQG
HWDO>@DUHLQSDUWLFXODULPSRUWDQWWREHWWHUDVVHVVFOLPDWHFKDQJHYDULDWLRQV7KHVHLQFOXGHH[WHQVLRQRIWKH$UJRFRUHPLVVLRQWR
KLJKHU ODWLWXGHV XQGHU VHD LFH DQG WR JUHDWHU GHSWK !  P DQG D SURJUHVVLYH H[WHQVLRQ RI$UJRPHDVXUHPHQW FDSDELOLWLHV WR
LQFOXGHELRJHRFKHPLFDOREVHUYDWLRQVIRUH[DPSOHR[\JHQVHQVRUV
:KLOHPXFKKDVEHHQDFKLHYHGLQWKHFUHDWLRQRIWKHRYHUDOOREVHUYLQJV\VWHPDQGLQ VXVWDLQLQJWKHV\VWHPLQWKHORQJWHUPPDQ\
RIWKHVHV\VWHPVDUHYXOQHUDEOHWRJDSVLQFRYHUDJHRULQDGHTXDWHFRYHUDJHRIWKHJOREDORFHDQ7KLVLVSDUWLFXODUO\WUXHRIWKHVRPH
RIWKHVDWHOOLWHEDVHGREVHUYLQJV\VWHPV)LJXUHEXWDOVRIRUWKHRWKHUREVHUYLQJQHWZRUNV)RUVRPHVDWHOOLWHV\VWHPVWKHIROORZRQ
PLVVLRQVDUHRQO\LQWKHGHVLJQSKDVHDQGIUHTXHQWO\DUHEDVHGRQDVLQJOHVDWHOOLWHDQGWKHUHIRUHYXOQHUDEOHWRIDLOXUHRIWKHVDWHOOLWH
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,Q WHUPV RI FOLPDWH FKDQJH FRQWLQXLW\ RI WKH UHFRUGVZLWKRYHUODSSLQJ SHULRGV DUH FULWLFDO IRU FDOLEUDWLRQ ELDV FRUUHFWLRQ DQG WKH
RYHUDOOTXDOLW\RIWKHFOLPDWHGDWHUHFRUG6HFWLRQ
)LJXUH6WDWXVRIWKHLQVLWX*OREDO2FHDQ2EVHUYLQJ6\VWHPDJDLQVWWDUJHWVGHILQHGE\WKH*&26,PSOHPHQWDWLRQ3ODQDQG
DFFHSWHGE\-&200
)LJXUH7KHWLPHOLQHVIRUDVXLWHRIVDWHOOLWHVV\VWHPVIRUREVHUYLQJWKHRFHDQVVWDWH
1RWHWKDWVRPHV\VWHPVKDYHOLPLWHGUHGXQGDQF\DQGOLPLWHGSHULRGVRIRYHUODSDQGDUH FRQVHTXHQWO\YXOQHUDEOHWRJDSV
 5HTXLUHPHQWVIRURFHDQ±FOLPDWHLQIUDVWUXFWXUHDQGPHHWLQJLQIRUPDWLRQQHHGV
7KH FDSDFLW\RI VRFLHW\ WRDGDSW UHVSRQG WR DQGPLWLJDWH WKH LPSDFWVRI FOLPDWHFKDQJH LQ WKHRFHDQ DQGPDULQH HQYLURQPHQW
SODFHVVLJQLILFDQW GHPDQGVRQ WKH FXUUHQW LQIUDVWUXFWXUH ERWK LQ WHUPVRI WKH FDSDFLW\ WRREVHUYHWKHRFHDQV DQG LQ VLPXODWLQJ WKH
RFHDQV$QLPSHUDWLYHDQGHVVHQWLDOVWHSLVWREXLOGDFOLPDWHLQIRUPDWLRQV\VWHP>@>@ WKDWLQIRUPVGHFLVLRQPDNHUV DERXWZKDWLV
KDSSHQLQJ DQG ZK\ DQG ZKDW WKH LPPHGLDWH SURVSHFWV DUH )LJXUH  7KLV LQIRUPDWLRQ V\VWHP LV HQYLVDJHG DV D FRQWLQXXP RI
V\VWHPVZLWKWKHRFHDQREVHUYLQJV\VWHPVDWLWEDVHRSHUDWLRQDOPRGHOOLQJDQGDVVLPLODWLRQOHDGLQJWRDUDQJHRIRFHDQSURGXFWVWKDW
DUH GHOLYHUHG WR XVHUV DORQJ ZLWK KLJKOHYHO DVVHVVPHQWV IRU SROLF\PDNHUV $W WKH VDPH WLPH WKHVH V\VWHPV PXVW UHFRJQL]H DQG
UHVSRQG WR WKH QHHGV RI VRFLHW\ DQG XVHUV 7KH UHVHDUFK FRPPXQLW\ ZRUNV ZLWK WKH GDWD PRGHOOLQJ DVVLPLODWLRQ DQG SUHGLFWLYH
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FRPSRQHQWVRI WKHV\VWHPWR LPSURYHWKHSURFHVVHVDQG LQIRUPDWLRQDERXW WKHRFHDQFOLPDWHDQGFRQVHTXHQWO\ LQFUHDWLQJFOLPDWH
VHUYLFHVLQIRUPLQJDOOOHYHOVRIWKHV\VWHPLQFOXGLQJXVHUVDQGSROLF\PDNHUV
)LJXUH$VFKHPDWLFRIWKHIORZRIWKHLQIRUPDWLRQVKRZQE\UHGDUURZVRIDQRFHDQLQIRUPDWLRQV\VWHP$GDSWHGIURP7UHQEHUWK
>@
%DVLFUHVHDUFKIHHGVLQWRDSSOLHGDQGRSHUDWLRQDOUHVHDUFKOHDGLQJWREHWWHUGDWDPRGHOOLQJDQGSURGXFWVZKLFKWKHQOHDGVWRWKH
GHYHORSPHQW RI FOLPDWHVHUYLFHV7KH V\VWHP LVEXLOW RQ WKH RFHDQ REVHUYLQJ V\VWHP WKDW LQFOXGHV WKHDQDO\VLV DQG DVVLPLODWLRQRI
GDWDXVLQJPRGHOVWRSURGXFHDQDO\VHVDQGILHOGVIRULQLWLDOL]LQJPRGHOVDQGWKHXVHRIPRGHOVIRUDWWULEXWLRQDQGSUHGLFWLRQ$IWHU
DOO WKH LQIRUPDWLRQLV DVVHVVHG DQG DVVHPEOHG LQWRSURGXFWV DQG LQIRUPDWLRQ LW LV GLVVHPLQDWHGWRXVHUV7KH XVHUV LQ WXUQSURYLGH
IHHGEDFNRQWKHLUQHHGVDQGRQ KRZWRLPSURYHLQIRUPDWLRQ
7KHJOREDORFHDQREVHUYLQJV\VWHP6HFWLRQLVWKHIRXQGDWLRQRIDQRFHDQFOLPDWHLQIRUPDWLRQV\VWHP$QRQJRLQJFKDOOHQJHLV
WRFUHDWHFOLPDWHGDWDUHFRUGVRIWKHRFHDQIURPWKHREVHUYDWLRQVWKDWFDQEHUHXVHGPXOWLSOHWLPHVIRUERWKRSHUDWLRQDODQGUHVHDUFK
SXUSRVHV2YHUDOOZKDW LV UHTXLUHGLVWKDW WKHREVHUYDWLRQVVDWLVI\WKHFOLPDWHREVHUYLQJSULQFLSOHVDSHUIRUPDQFHWUDFNLQJV\VWHP
WKHLQJHVWDUFKLYDODQGVWHZDUGVKLSRIGDWDDFFHVVWRGDWDLQFOXGLQJGDWDPDQDJHPHQWDQGLQWHJUDWLRQWKHDQDO\VLVDQGUHDQDO\VLVRI
WKHREVHUYDWLRQV DQGGHULYDWLRQRISURGXFWV HVSHFLDOO\ &OLPDWH'DWD5HFRUGV &'5V >@ DVVHVVPHQWRIZKDW KDVKDSSHQHG DQG
ZK\DWWULEXWLRQ LQFOXGLQJOLNHO\LPSDFWVRQKXPDQDQGHFRV\VWHPVSUHGLFWLRQRIQHDUWHUPRFHDQFKDQJHRYHUVHYHUDOGHFDGHV
DQGUHVSRQVLYHQHVVWRGHFLVLRQPDNHUV DQGXVHUV:KLOHDEVROXWHDFFXUDF\DQGFDOLEUDWLRQDUHGHVLUDEOHWKHPRVWLPSRUWDQWDWWULEXWHV
RI&'5V LV WKDW WKH\PXVW EH KRPRJHQHRXV DQG FRQWLQXRXV RYHU SHULRGV RI GHFDGHV± FKDUDFWHULVWLFV WKDW DUH HVVHQWLDO WR HQDEOH
FKDQJHVWREHGLVFHUQHG
0XFKPRUHZRUNLVQHHGHGWRWDNHDGYDQWDJHRI WKHH[LVWLQJREVHUYDWLRQV WREHWWHU HVWDEOLVK WKHREVHUYHGFKDQJHV LQ WKHRFHDQ
VWDWH$NH\SDUWRIWKHRYHUDOOVWUDWHJ\LQFUHDWLQJFOLPDWHGDWDUHFRUGVLVWKHQHHGWRKDYHDYLEUDQWSURJUDPRIUHSURFHVVLQJRISDVW
GDWD >@ IRU H[DPSOH DSSO\LQJ WKH FRUUHFWLRQV IRU LQVWUXPHQWDO GHIHFWV>@ DQG WKH DSSOLFDWLRQRI QHZ WHFKQLTXHV DQGPHWKRGV
FUHDWLQJQHZJOREDOSURGXFWVDQGDWODVHVRIWKHFKDQJHVLQRFHDQKHDWFRQWHQWDQGVHD OHYHO>@>@7KH,3&&UHSRUWUHOLHV
RQPXOWLSOHDQDO\VHVRIWKHRFHDQVWDWHUDWKHUWKDQDQ\VLQJOHDQDO\VLVIRUNH\VWDWHYDULDEOHVVXFKDVVHDOHYHORUJOREDOKHDWFRQWHQW
7KLV UHSRUW DQG ODWHU SDSHUV GHPRQVWUDWH VKRUWFRPLQJV RI WKH RFHDQ UHFRUGV SDUWLFXODUO\ IURP LQVWUXPHQWDO ELDVHV DQG HUURUV LQ
FDOLEUDWLRQ 5HVHDUFK KDV DOVR GHPRQVWUDWHG WKH SRWHQWLDO IRU LPSURYHPHQWV LQ WKHVH UHFRUGV DV SURJUHVV LV PDGH RQ DOJRULWKP
GHYHORSPHQWDQGVROXWLRQVDUHIRXQGWRSUREOHPVVXFKDVKHWHURJHQHLWLHVLQWKHUHFRUGVIURPWKHXVHRIGLIIHUHQWLQVWUXPHQWVW\SHVRU
VDWHOOLWHV
&RRUGLQDWLRQDPRQJWKHPDMRUREVHUYLQJSURJUDPVDQGVDWHOOLWHREVHUYDWLRQVLVKLJKO\GHVLUDEOHLQRUGHUWRUHDFKDJUHHPHQWVRQ
DOJRULWKPVDQGFDOLEUDWLRQSURFHGXUHVZLWK LQ VLWXPHDVXUHPHQWV DQG EHWZHHQ YDULDEOHVZKHUHSRVVLEOH 7KH ILHOGVZRXOG LQFOXGH
WHPSHUDWXUHV VHDVXUIDFH WHPSHUDWXUHVVHD LFHVQRZFRYHUZLQGV DQG WURSLFDOVWRUPV DQG KXUULFDQHV 7KLVFRRUGLQDWLRQEHWZHHQ
DJHQFLHVDQGLQVLWXRFHDQRJUDSKLFREVHUYLQJV\VWHPVUHTXLUHVVXEVWDQWLDOUHVRXUFHVWRGHYHORSWKHDGMXVWHGDQGFDOLEUDWHGSURGXFWV
ZLWKWKHLUDVVRFLDWHGPHWDGDWDDQGGRFXPHQWDWLRQ >@
*OREDORFHDQRJUDSKLFDQDO\VHVDUHWKHQSURGXFHGLQUHDOWLPHRSHUDWLRQDOO\IRUDUDQJHRIYDULDEOHVLQFOXGLQJVHDOHYHODQGRFHDQ
WHPSHUDWXUH DQG VDOLQLW\ $V WKHVH DVVLPLODWLQJ PRGHOV DUH XVHG WR DQDO\VH WKH REVHUYDWLRQV WKHUH LV D WHQGHQF\ IRU IXUWKHU
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LPSURYHPHQWVLQWKHREVHUYDWLRQV5HDQDO\VLVLVWKHQDPHJLYHQWRWKHUHSURFHVVLQJRIDOOWKHVHDQGRWKHUREVHUYDWLRQVZLWKDVWDWH
RIWKHDUWV\VWHPWKDWLVKHOGFRQVWDQWLQWLPHWKHUHE\LPSURYLQJWKHFRQWLQXLW\RIWKHUHVXOWLQJFOLPDWHUHFRUG,QWKHPHWHRURORJLFDO
FRPPXQLW\VXFFHVVLYHJHQHUDWLRQVRIDWPRVSKHULFUHDQDO\VHVKDYHOHGWRFRQWLQXDO LPSURYHPHQWRI WKHEDVLFDWPRVSKHULFGDWDVHW
DQGZHFDQH[SHFWDVLPLODUUHVXOWIRURFHDQUHDQDO\VHV
$ IXUWKHU FKDOOHQJH LV GHDOLQJ ZLWK WKH FKDQJLQJ REVHUYLQJ V\VWHP >@ 7KH DVVLPLODWLRQ V\VWHP IRU WKH RFHDQV )LJXUH 
VKRXOGUHVXOW LQDPRUHFRKHUHQWGHVFULSWLRQRI WKHFKDQJLQJRFHDQDQGDWPRVSKHUHODQGVXUIDFHDQGRWKHUFOLPDWHFRPSRQHQWV,Q
DGGLWLRQ WKH DVVLPLODWHGSURGXFWV LQFOXGHGHULYHG ILHOGVQRWGLUHFWO\REVHUYHGDQGZKLFKFDQEHXWLOL]HGE\ WKHPDQ\XVHUVRI WKH
FOLPDWH SURGXFWV FUHDWHG IURP WKH UHDQDO\VHV 7KLV LQFOXGHV WKH WHVWLQJ RI PRGHO SUHGLFWLRQV LQ KLQGFDVW PRGH 5HDQDO\VLV WKXV
FRQWULEXWHV WR WKH FDSDFLW\EXLOGLQJ REMHFWLYHV RI SURJUDPPHV VXFK DV*226*2'$( DQG*OREDO (DUWK2EVHUYDWLRQ 6\VWHP RI
6\VWHPV*(266DQGVKRXOGEHFRQVLGHUHGDQHVVHQWLDOFRPSRQHQWRIDQRFHDQREVHUYLQJV\VWHP
7KHUHODWHGIROORZRQDFWLYLWLHVDUHWRLPSURYHDQGLQLWLDOL]HFOLPDWHPRGHOVDQGPDNHVHDPOHVVHQVHPEOHFOLPDWHSUHGLFWLRQVIRU
WKHQH[W\HDUVRUVR&OLPDWHSUHGLFWLRQVDUHHVVHQWLDODQGZLOOVHDPOHVVO\H[SDQGIURPWKHGD\VDQGZHHNVRIZHDWKHUFDVWLQJWR
VHDVRQDO DQG LQWHUDQQXDO SUHGLFWLRQV LQFOXGLQJ (162 WR GHFDGDO SUHGLFWLRQV &OLPDWH V\VWHP SUHGLFWLRQV RI QDWXUDO DQG IRUFHG
FKDQJHUHTXLUHLQLWLDOL]DWLRQRIFRXSOHGJHQHUDOFLUFXODWLRQPRGHOVZLWKWKHEHVWHVWLPDWHVRIWKHFXUUHQWREVHUYHGVWDWHRIWKHRFHDQV
DWPRVSKHUHFU\RVSKHUHDQGODQGVXUIDFH DVWDWH LQIOXHQFHGERWKE\WKH FXUUHQW SKDVHVRIPRGHVRIQDWXUDOYDULDELOLW\DQGE\WKH
DFFXPXODWHG LPSDFWV WR GDWH RI DQWKURSRJHQLF UDGLDWLYH IRUFLQJ 'HPDQGV ZLOO WKHUHIRUH EH PDGH RQ REVHUYDWLRQV QRW RQO\ WR
GHVFULEHWKHVWDWHRIWKHV\VWHPEXWDOVRWRSURYLGHWKHRSWLPDOREVHUYDWLRQVIRUFOLPDWHSUHGLFWLRQV
7KHGHYHORSPHQWRIWKHFOLPDWHLQIRUPDWLRQV\VWHPSRWHQWLDOO\WDNHVRQLQDPRUHRSHUDWLRQDODQGFRRUGLQDWHGIUDPHZRUNDNH\
SDUWRIZKDWLVFXUUHQWO\EHLQJXQGHUWDNHQE\WKHUHVHDUFKRUJDQL]DWLRQVDVSDUWRIWKHDVVHVVPHQWGRQHE\WKH,3&&7KHUHDUHPDQ\
UHVHDUFK TXHVWLRQV RQ KRZ WR GHYHORS WKH V\VWHP DQG ZKDW WKH V\VWHP VKRXOG LQFOXGH WR PDNH LW YLDEOH %XLOGLQJ D FOLPDWH
LQIRUPDWLRQ V\VWHP VKRXOG LQWHJUDWH UHVHDUFK DQG XQGHUO\LQJ GDWD VWUHDPV IURP :&53 WKH ,QWHUQDWLRQDO *HRVSKHUH%LRVSKHUH
3URJUDPPH ,*%3 WKH ,QWHUQDWLRQDO +XPDQ 'LPHQVLRQV 3URJUDPPH RQ *OREDO (QYLURQPHQWDO &KDQJH ,+'3 'LYHUVLWDV DQG
*226*&26DQGIHHGWKHPLQWRWKH1DWLRQDO0HWHRURORJLFDODQG+\GURORJLFDO6HUYLFHVDQGQDWLRQDORFHDQRJUDSKLFVHUYLFHV>@
%DVLF UHVHDUFK IHHGV LQWRDSSOLHG DQG RSHUDWLRQDO UHVHDUFK LQFOXGLQJ WHFKQRORJLFDO WUDQVIHU WKDW LQ WXUQGHYHORSVFOLPDWHSURGXFWV
DQGVHUYLFHV0DQ\DVSHFWVUHTXLUHUHVHDUFKRQDVVHPEOLQJREVHUYDWLRQVDQDO\VLVDQGDVVLPLODWLRQDWWULEXWLRQVWXGLHVHVWDEOLVKLQJ
UHODWLRQVKLSV DPRQJ SK\VLFDO DQG HQYLURQPHQWDO LPSDFW YDULDEOHV UXQQLQJPRGHOV DQG FRSLQJZLWKPRGHOELDVHVSUHGLFWLRQV DQG
SURMHFWLRQVGRZQVFDOLQJDQGUHJLRQDOL]LQJUHVXOWV DQGGHYHORSLQJLQIRUPDWLRQV\VWHPVDQGZD\VRILQWHUDFWLQJZLWKXVHUV
 &OLPDWHVHUYLFHVWRWKHEHQHILWRIIDFLOLWDWLQJGHFLVLRQPDNLQJDQGDGDSWDWLRQ
7KH LPSDFWV RI FOLPDWH FKDQJH DQG WKH SODXVLEOH DGDSWDWLRQ UHVSRQVHV WR PLWLJDWH WKHVH FKDQJHV LV UHDOO\ RQO\ HIIHFWLYH LI
XQGHUWDNHQDWWKHORFDOVFDOHZKHUHWKHLPSDFWVDUHIHOW>@2FHDQFOLPDWHVHUYLFHVKDYHDQLPSRUWDQWUROHLQWKLVSURFHVVWKURXJKWKH
SURYLVLRQ RI WKH LQIRUPDWLRQ WR VXSSRUW WKLV GHFLVLRQPDNLQJ %\ WKHLU QDWXUH RFHDQ VHUYLFHV DUH VWDEOH UHOLDEOH RSHUDWLRQV WKDW
GHOLYHU RQ DQ RQJRLQJ EDVLV RFHDQ LQIRUPDWLRQ IURP D FRQWLQXXP RI SURGXFWV 7KHVH VHUYLFHV DV GHVFULEHG LQ 6HFWLRQ KDYH
W\SLFDOO\EHHQGHYHORSHGLQWKHUHVHDUFKHQYLURQPHQWDQGPDGHRSHUDWLRQDOWKURXJKWKHLQWHUDFWLRQZLWKRFHDQVHUYLFHSURYLGHUV,Q
DGGLWLRQWRWKHVWDQGDUGSURGXFWVRFHDQVHUYLFHVDOVRKDYHWKHFDSDFLW\WRGHOLYHURFHDQGDWDDQGLQIRUPDWLRQLQVHOHFWHGVWUHDPVLQ
UHVSRQVHWRWKHUHTXHVWVIURPXVHUVRIWKHLQIRUPDWLRQ
6HUYLFHV E\ GHILQLWLRQ FDQQRW EH GHYHORSHG LQ LVRODWLRQ RI WKH XVHUV 7KHZKROHZRUOG SUHVHQWO\ GHPDQGV LQIRUPDWLRQ DERXW
FOLPDWH7KHFXVWRPHUVLQFOXGHJRYHUQPHQWEXUHDXFUDWVFKDUJHGZLWKFUHDWLQJDGDSWDWLRQVWUDWHJLHVIRUWKHLUFRPPXQLWLHVMRXUQDOLVWV
WU\LQJWRILJXUHRXWZKDW¶VJRLQJRQGHFLVLRQPDNHUV WU\LQJ WRFUHDWHPLWLJDWLRQSROLFLHV VFLHQWLVWV LQILHOGVUHVSRQGLQJ WRFOLPDWH
FKDQJH,3&&(DUWKV\VWHPVFLHQWLVWVWU\LQJWRLPSURYHWKHFOLPDWHPRGHOVRUIRUPDOO\DWWULEXWHFKDQJHVWRSK\VLFDOSKHQRPHQDDQG
ODVWEXWQRWOHDVWWKHJHQHUDOSXEOLFZKR DUH FRQFHUQHGDQGZDQWWREHNHSWLQIRUPHG
$NH\DVSHFWRIWKHGHYHORSPHQWRIWKHVHSURGXFWVGHOLYHUHGWKURXJKWKHVHVHUYLFHVLVWKDWWKH\PXVWUHVXOWIURPDGLDORJXHZLWK
XVHUVUDQJLQJIURPXVHUV LQUHVHDUFKDQGWKHZLGHUFRPPXQLW\WRSROLF\PDNHUV7KLVGLDORJXHLVDFULWLFDOHOHPHQWRIFUHDWLQJWKH
LQIUDVWUXFWXUHWKDWGHOLYHUVWKLVLQIRUPDWLRQVLQFHWKLVLQIUDVWUXFWXUHUHTXLUHVVLJQLILFDQWLQYHVWPHQWVIURPQDWLRQDOJRYHUQPHQWVDQG
RUJDQL]DWLRQV)XUWKHURFHDQFOLPDWHVHUYLFHVDUHFKDUDFWHUL]HGE\DZLGHVHWRIHQGXVHUVDQGSROLF\PDNHUVZKRDUHVLWXDWHGRXWVLGH
WKH QRUPDO UDQJH RI FRPPXQLWLHV RIWHQ HQFRXQWHUHG E\ UHVHDUFKHUV $ FRQVHTXHQFH RI WKLV GLYHUVLW\ RI H[WHUQDO HQGXVHU DQG
SROLF\PDNHUVPHDQVWKDWRFHDQFOLPDWHVHUYLFHVPXVWEHIOH[LEOHUHVSRQVLYHDQGDGURLWLQHQJDJLQJZLWKWKHVHH[WHUQDOFRPPXQLWLHV
7KH GLDORJXH WR FUHDWH WKHVH RFHDQ FOLPDWH VHUYLFHV DV SDUW RI WKH RYHUDOO LQIUDVWUXFWXUH LQ WKH FRQWH[W RI FOLPDWH FKDQJH LV
LOOXVWUDWHGEHORZ )LJXUH )RU H[DPSOH DNH\YXOQHUDELOLW\PLJKWEH LGHQWLILHG WKURXJKDYDULHW\RISURFHVVHVIRUDSDUWLFXODU
WLPHVFDOH DQG DUHD RU VHFWRU 7KH ,3&& LV DQ H[DPSOH RI VXFK GLDORJXH EHWZHHQ JRYHUQPHQWV DQG VFLHQWLVWV GXULQJ WKH VFRSLQJ
SURFHVVIRUHDFKRILWVDVVHVVPHQWUHSRUWV7KLVVFRSLQJSURFHVVLGHQWLILHVDUHDVRIYXOQHUDELOLW\WKDWWKHQ GHWHUPLQHWKHVFLHQFHLVVXHV
WKDWQHHGWREHDGGUHVVHGWRLPSURYHWKHNQRZOHGJHRIYXOQHUDELOLW\DQGWRLPSURYHSUHGLFWLYHFDSDFLW\7KLVVFLHQWLILFUHVHDUFKLV
VXEVHTXHQWO\ UHIOHFWHG EDFN LQWR LPSURYHG RFHDQ FOLPDWH VHUYLFHV DQG DV DGYLFH LQIRUPLQJ WKH DQDO\VLV IRU SROLF\PDNHUV RI WKH
LPSDFWVDQGVWUDWHJLHVIRUPLWLJDWLQJYXOQHUDELOLW\
7KHSURFHVVRIGLDORJXHOHDGVWRUHILQHPHQWVWKDWDUHUHWDLQHGE\WKHVHUYLFHVDQGWKHUHVHDUFKFRPPXQLW\DQGWKDWFDQEHWKHQEH
XSGDWHGRQ D VXVWDLQHGEDVLV LQ UHVSRQVH WRH[WHUQDO XVHU UHTXLUHPHQWV&HQWUDO WRGHFLVLRQPDNLQJ LV LQIRUPDWLRQSURYLGHGE\ WKH
RFHDQFOLPDWHVHUYLFHV
&RQFOXVLRQVDQGUHFRPPHQGDWLRQV
7KHRFHDQVDUHFKDQJLQJ LQUHVSRQVHWRFOLPDWHFKDQJHDQGWKHVHFKDQJHVDUH OLNHO\ WRDIIHFWWKH FDSDFLW\RI WKHRFHDQWR VWRUH
FDUERQDQGKHDWWRFDXVHVHDOHYHOULVHDQGWRDOWHUVHDOHYHOH[WUHPHV7KHJOREDOIUHVKZDWHUF\FOHZLOOFKDQJHDQGQHZHYLGHQFHLV
HPHUJLQJ DERXW WKH FKDQJLQJ RFHDQ VWUDWLILFDWLRQ GHR[\JHQDWLRQ RI WKH RFHDQ DQG ZHDNHQLQJ RYHUWXUQLQJ FLUFXODWLRQ LQ ERWK
 N.L. Bindoff et al. / Procedia Environmental Sciences 1 (2010) 342–353 351
KHPLVSKHUHV 7KHVH FKDQJHV DQG REVHUYHG SROHZDUG PRYHPHQW RI PDULQH HFRV\VWHPV LQ VRPH UHJLRQV DUH SURMHFWHG WR IXUWKHU
GLVSODFHPDULQHHFRV\VWHPVSROHZDUG DQG LPSDFW RQ WKHLUIXQFWLRQLQJ >@:KLOH WKHVRPHRIWKH LPSDFWVRIFKDQJHDUHEHFRPLQJ
LQFUHDVLQJO\DSSDUHQWDQGUHIOHFWHGLQSROLFLHVWKHVSHFLILFQHDU DQGORQJWHUPFRQVHTXHQFHVRIWKHVHFKDQJHVIRUVRFLHW\SROLF\DQG
DGDSWDWLRQ UHVSRQVHV LV RIWHQ XQFOHDU 6XFK VSHFLILF FRQVHTXHQFHV IRUP WKH EDVLV RI XUJHQW VFLHQFH TXHVWLRQV WKDW QHHG WR EH
DGGUHVVHGWRLQIRUPGHFLVLRQPDNHUVZKRFDQUHVSRQGWKURXJKDGDSWDWLRQRUPLWLJDWLRQRIWKHLPSDFWVRQWKHVHV\VWHPV7KXVWKHUH
)LJXUH7KH6FLHQFH±3ROLF\'LDORJXH
7KLVILJXUHVKRZVWKDWDUHDVLGHQWLILHGWRKDYHULVNDUHIUHTXHQWO\DVVRFLDWHGZLWKXUJHQWVFLHQFHLVVXHVDQGWKDWUHVROXWLRQRIWKHVH
VFLHQFHLVVXHVLQFUHDVHVRXUFDSDFLW\WRLPSURYHSUHGLFWLRQVIRUWKHVHYXOQHUDELOLWLHV>@
LVDQXUJHQWQHHGWREXLOGWKHFDSDFLW\RIJOREDORFHDQREVHUYLQJV\VWHPVDQGWREXLOGRFHDQLQIRUPDWLRQVHUYLFHVWKDWFDQUHVSRQGWR
WKHSROLF\DQGVFLHQFHTXHVWLRQVVRWKDWZHDUHEHWWHULQIRUPHGWRUHVSRQGDQGDGDSWWRWKH(DUWK¶VFKDQJLQJFOLPDWH
:HUHFRPPHQGWKDW
D 2FHDQLQIRUPDWLRQ VHUYLFHVEHGHYHORSHG DQG H[WHQGHG WRDOORZWKHWLPHO\GHOLYHU\RIRFHDQDQGUHODWHGFOLPDWHGDWDWR
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